INTRODUCTION
High performance silicon based ceramic materials have excellent high temperature strength, oxidation resistance, good thermal shock resistance, low density, and low coefficient of therma] expansion. These properties make them ideal candidates for high temperature applications. However, because of their brittle nature and nondeterminlstic strength properties, monolithic ceramics are not fully utilized in advanced aircraft engines. One method of improving their properties is by reinforcing them with continuous length ceramic fibers that do not degrade or form a chemical bond with the matrix during composite fabrication.
Recent studies (Refs. I and 2) have shown that the unidirectional reinforcement of a reaction-bonded silicon nitride matrix (RBSN) by high strength, high modulus, continuous length SiC fibers can yield a material which is much stronger and tougher than the unreinforced RBSN of comparable density.
Because of its load carrying capability beyond the first matrix cracking stress and its low density and high temperature stability, SIC/RBSN composite material is a potential candidate for various aerospace structural and turbine applications. However, one major concern is that unidirectionaIly reinforced composites usually display large anisotropy in their in-plane properties. This severely restricts the use of the unidlrectiona] composites in multi-axial loading applications.
To overcome this anisotropy problem It may be necessary to fabricate two-dimenslonal laminates by stacking unidirectional lamina at different orientations relative to each other.
The properties of these laminates are then governed not only by the properties of the unidlrect_onal lamina but also by the lamination sequence.
The objectives of this study were several:
(1) TO determine effects of fiber orientation, specimen gauge length and machined notches on the mechanical properties of unidirectional SiC/RBSNcomposite laminates; (2) To study the deformation and fracture behavior of unidirectional, cross-ply, and angle-ply To prepare the fiber mats, the SiC fibers were wound on a cylindrical drum and coated with a solution of a fugitive polymer binder in an organic solvent. After carefully drying, the fiber mat was cut to required dimensions.
For preparing the s_llcon powder cloths, high purity silicon powder obtained from Union Carbide was mixed with an additive (for enhancing nitridat_on), a fugitive polymer b_nder, and an organic solvent until a dough was formed. The dough was rolled to the desired thickness and cut to required dimensions.
For composite preform fabrication, alternate layers of SiC fiber mat and silicon cloth were stacked in a molybdenum die and hot pressed in vacuum or in For notch strength measurements, artificial 1 mm notches were cut to a depth of 3.0 mm in the width direction of the tensile test specimens at the midsection of the specimen gauge section. Both slngle and double notched specimens were prepared. Glass fiber reinforced epoxy tabs were bonded to these notched specimens as described previously and tensile tested at room temperature.
To determine the interlaminar shear strength of unidirectional composites, double notched specimens were used. The specimen geometry and the notch locations are shown in Fig. 2 . Two types of specimens were prepared. One set contained notches in the thickness dlrection and the other set contained notches along the width direction. In all cases the notches were machined normal to the fiber direction. The specimen was placed between the platens of an Instron machine and tested in compression until failure. The interlaminar
shear strength was then calculated from the measurement of the maximum failure load and the shearing area.
RESULTS

UNIDIRECTIONAL LAMINATES
Tensile Properties
The room temperature tensile stress-strain behavior for the [0] 8, [I018,
[45] 8 , and [90] 8 laminates and for the unrelnforced RBSN matrix of density similar to composite matrix are shown in Fig. 3 . The stress-strain behavior for the [0]8 laminate showed three distinct regions. In the initial region, the stress varied linearly with the strain up to an average stress level of -230 MPa where the matrix was first observed to crack. In the second region, the stress-strain curve became nonlinear and displayed serrations due to multiple matrix cracking. At each serration, the stress on the specimen momentarily dropped and then recovered.
In the third region, the stress varied linearly with the strain until maximum tensile stress was reached. Specimens stressed between the stress corresponding to the end of the serrated range and the ultimate fracture stress showed no additional microstructural features. At ultimate stress, the specimen failed catastrophically and showed brushy and broomy fracture with little matrix around the fibers. Detailed examination of the fractured specimen indicated that SiC fiber fracture occurred within a damagezone of -3 mm.
In contrast, examination of off-axis laminates stressed up to ultimate stress showedno evidence of damageuntil the ultimate stress where they failed catastrophlcally. 
Effect of Gage Length on Strength
The influence of gauge length on the room temperature tensile properties of [0] 8 laminates was determlned. For this study the specimen gauge length was varied from 12 to 50 mm. The properties measured were the matrix fracture strength and the ultimate composite strength.
The results reported In Table II Indicate no influence of specimen gauge length on axial properties.
Effect of Notches on Strength
The effect of notches on the room temperature strength properties of unidirectional laminates were determined. The results are presented in To determine the mechanism of notch insensitivity In SIC/RBSN composites, a notched specimen was observed during tensile testing. Initially up to an average stress level of~65 MPa, the specimen showed no indication of damage.
As the specimen was stressed beyond this stress level, cracks were formed at the notch tip along the flber/matrlx interface which eventually resulted in vertical cracking, as shown in Fig. 9 . With continued stressing, the notched specimen behaved similarly to the unnotched specimen and failed upon reaching its ultimate stress. From these observations, it can be concluded that vertical spllttlng Is probably the major stress relleving mechanism respons|ble for crack tip blunting and hence for the notch insensitivity _n these composites.
Shear Propertles
Interlamlnar shear strength. Both of these tests are wlthout ASTM standards. In this study, the double notch method was employed.
To determine the influence of fiber distribution on Interlaminar shear strength, two sets of specimens were used.
One set contained notches along the thickness direction (along the hot pressing direction) and the other set along the width direction (along a direction normal to hot pressing direction) ( Fig. 2 Above this stress level, the stress-strain curve became nonlinear. Beyond ~150 MPa, stress again varied 11nearly with strain until composite fracture.
Upon reaching the ultimate stress, the specimen broke catastrophically with no further load bearing capacity.
On the other hand, the stress-strain behavior for the [+452/-452] S laminates displayed only two deformation regions.
In the first region, the stress increased proportionately with strain up to~80 MPa. Beyond this stress level, the stress-strain behavior became nonlinear. This nonlinearity prevailed until an ultimate stress of~90 MPa. Even after ultimate stress, the specimen possessed substantial load carrying capability. This behavior is quite different from that observed for other laminates.
Comparison of the stress-strain curves for the laminates shown in Fig. lO indicates that the primary modulus, the matrix cracking stress, and the Although the micro-crack bridging mechanism is apparently not operative in contribution to composlte modulus is zero, that is, Table IV . Good agreement exist between the predicted values and the measured data. The scatter in the data is probably due to variations in matrix properties, fiber volume fraction, and misorientation of fibers from specimen to specimen.
Strength
Properties
As discussed previously, the stress-strain behavior for the cross-ply and In addition, strength properties of these composites along the fiber direction were independent of specimen gage length and were unaffected by notches normal to the fiber direction. Splitting parallel to the fiber at the notch tip appears to be the dominant crack blunting mechanism responsible for notch insensitive behavior of these composites.
In-plane properties of the composites can be improved by two-dimensional laminate construction. Mechanical property results for [02,/902]s and [+452/-452]s laminates showed that their matrix failure strains were similar to that for [0] 8 laminates, but their primary elastic moduli, matrix cracking strengths, and ultimate composite strengths were lower.
The elastic properties of unidirectional, cross-ply, and angle-ply composites can be predicted from modified constitutive equations and laminate theory. Further improvements in laminate properties may be achieved by reducing the matrix porosity and by optimizing the bond strength between the SiC fiber and RBSN matrix.
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